Suxamethonium chloride (Sch) was administered i.v. to 36 adult males at six rates: 0.25 mg s~' to 20 mg s -1 . The infusion was discontinued either when there was no muscular response to tetanic stimulation of the ulnar nerve or when Sch 120 mg was exceeded. Six additional patients received a 30-mg i.v. bolus dose. Fasciculations in six areas of the body were scored from 0 to 3 and summated as a total fasciculation score. The times to first fasciculation, twitch suppression and tetanus suppression were inversely related to the infusion rates. Fasciculations in the six areas and the total fasciculation score were related directly to the rate of infusion. Total fasciculation scores in the 30-mg bolus group and the 5-mg s~l and 20-mg s" 1 infusion groups were not significantly different.
Muscle fasciculations are commonly observed as the earliest clinical sign of the onset of neuromuscular blockade following a bolus i.v. dose of suxamethonium (Sch). Fasciculations are observed less consistently following the administration of Sch by slow i.v. infusion, i.m. injection or after pretreatment with a non-depolarizing muscle relaxant drug. This investigation was designed to study systematically the temporal and quantitative relationships between the rate of i.v. infusion of Sch muscle, fasciculations and the onset of neuromuscular blockade.
METHODS
Thirty-six adult male patients undergoing elective surgery for which endotracheal intubation was a requisite were assigned randomly to one of six Sch infusion groups: 0.25 mg s -1 , 0.50 mg s -1 , 1 mg s -1 , 2 mg s -1 , 5 mg s" 1 , 20 mg s" 1 . An additional six patients received a 30-mg bolus dose of Sch.
Induction of anaesthesia was with a dose of thiopentone sufficient to abolish the eyelid reflex. Ventilation of the lungs was assisted and then controlled, the inspired gas being 60% nitrous oxide in oxygen. Needle electrodes were placed over the ulnar nerve at the wrist and supramaximal stimulation was obtained with a Block-Aid Monitor (Burroughs Wellcome Co.). The Sch infusions were administered from a calibrated syringe pump (Model 990, Harvard Equipment Co.) connected to 16-or 18-gauge i.v. cannulae, 2 cm from the venepuncture site on the forearm, wrist or hand. Sch solutions were prepared from crystals (Anectine, Burroughs Wellcome Co.) dissolved in 5% dextrose solution in water and were refrigerated between use. Three observers watched for fasciculations at the six designated areas: eyes, face and neck, arms and hands, legs, toes and abdomen. One of these observers operated the nerve stimulator and watched the response to twitch and tetanic stimulation. Infusions were continued beyond the point of no observed response to twitch stimulation (twitch suppression) until there was either no observed response to tetanic stimulation (tetanus suppression) or Sch 120 mg was exceeded.
The measured variables included age, weight, height, physical status (ASA classification), dose of thiopentone, total dose of Sch, time to first fasciculation, time to twitch suppression and time to tetanus suppression. Fasciculations were scored as: 0 = absent, 1 = slight, 2 = moderate and 3 = gross movement. The total fasciculation score was the sum of the six fasciculation scores. Statistical analyses were carried out using either the Spearman rank correlation coefficient or the Median test for the ordinal data (fasciculation scores) and the F test analysis of variance for the remaining data.
RESULTS
The time to first fasciculation, twitch suppression and tetanus suppression were related inversely to the rates of infusion of Sch (P<0.05; 
DISCUSSION
The relationship between the rate of infusion of Sch and the magnitude of fasciculation was observed during the earliest clinical studies. Foldes, McNall and Borrego-Hinojose (1952) suggested that a slow i.v. infusion, in contrast with a rapid bolus dose, would usually prevent muscle fasciculations. Helmsworth and Schotz (1955) reported that, "the muscle tremors often seen . . . can be avoided by the dilute i.v. drip technique which appears to be rapid enough for any purpose". Grading the magnitude of fasciculations in four levels from absent to severe was used by Lamoreaux and Urbach (1960) and by Pauca, Reynolds and Strobel (1975) . In the latter study, 18 patients received an infusion of Sch 0.58 mg s~\ Their observations of three patients without fasciculations, three with minimal fasciculations, six with moderate fasciculations and six patients with gross movements are consistent with our results.
The use of several observers and the summing of observations over different parts of the body were unique features of our study. The eye region was not capable of gross movement and a score of 3 was not possible. Although the maximum total fasciculation score was 17, the greatest total fasciculation score in an individual patient was 16, in the 5-mg s" 1 infusion group. Gross movements (score 3) were observed most frequently over the abdomen and arms. Mild to moderate fasciculations (score 1 or 2) were observed most frequently over the face, neck, hands and feet. Fasciculations were occasionally observed only at the hands and feet and these may have been missed had not all areas been observed simultaneously.
Minimal to mild fasciculations were observed in half the patients in our slowest infusion group (0.25 mg s -1 ). The absence of, or minimal, fasciculations at 0.1 mgs~x observed by Helmsworth and Schotz (1955) , McNally, Neily and Benoit (1962) and Ieri, Pallini and Frullani (1966) confirm that much slower infusions are required to abolish observable fasciculations.
The latent time to fasciculation was related inversely to the rate of infusion of Sch. Times of 31 s observed after the 30-mg bolus of Sch and 36 s after the 20-mg s -1 infusion rate agree with the 30-45 s reported in the study of Foldes. Yamaguchi (1973) and Yamaguchi, Namiki and Yamachita (1974) demonstrated correlations between the latent times to fasciculations and two measures of circulation time. The former were approximately twice the latter and all three variables were directly related to age. In their 51-to 71-year-old group, the mean latent time to fasciculation was 28.7 s.
This study shows that the onset of neuromuscular blockade, measured either by the latent time to abolition of twitch or tetanus, is related inversely to the rate of infusion of Sch. This probably limits the clinical usefulness of Sch infusion techniques to situations in which rapid paralysis is not necessary. The mean times to twitch and tetanus suppression of 73 and 87 s respectively in our fastest infusion group (20mgs~1) compares favourably with the mean time to 95% twitch suppression of 81 s after 1-mg kg" 1 bolus doses of Sch reported by Harrison and Junius (1972) . However, Pauca, Reynolds and Strobel (1975) , using a 0.58-mg s" 1 infusion of Sch, measured an average of 59.2 s to 100% twitch suppression. This latent time is significantly shorter than that observed in our study and might result from the younger age of their patients (mean age, 29 yr).
Fasciculations are observed less frequently when Sch is administered i.m. (Cooke et al., 1963) . There may be an infusion rate at which the latent time to paralysis and the magnitude of fasciculation might be expected to resemble the administration of Sch i.m. Walts and Dillon (1967) found that the mean latent time to complete twitch suppression following i.m. injections of Sch 4 mg kg -1 into the deltoid muscle was 108 s. This latent time to twitch suppression ' occurred at our infusion rate of Sch 1 mg s" 1 . Walts and Dillon did not study fasciculations, but all patients in our 1-mg s"" 1 group had observable fasciculations.
The relationship between the magnitude of fasciculations and the severity of myalgia after operation remains controversial. Some investigators have reported a decreased frequency of fasciculations and myalgias after operation when Sch is infused slowly (McNally, Neily and Benoit, 1962; Ieri, Pallini and Frullani, 1966) . Others have reported the absence of a relationship (Churchill-Davidson, 1954; Morris and Dunn, 1959; Lamoreaux and Urbach, 1960; Halldin and Palmer, 1961) . The relationships between the magnitude of fasciculations and increased intraocular pressure (Schwartz and DeRoetth, 1958; Meyers et al., 1978) increased intragastric pressure (LaCour, 1970) , arrhythmia (Winter and Ahnefeld, 1974) and electromyographic recordings (Collier, 1975 ) also remain controversial.
The slow i.v. infusion of Sch at rates less than 2 mg s~1 appears to offer a clinical method for reducing observable fasciculations and perhaps diminishing some of the deleterious sequelae of the administration of Sch. This potential advantage is balanced by the disadvantage of a delayed onset of neuromuscular blockade.
RESUME
On a administre par voie intraveineuse du chlorure de suxamethonium (Sch) a 36 hommes adultes, a six differentes doses comprises entre 0,25 mg s" 1 et a 20 mg s" 1 . L'infusion a ete arretee soit lorsqu'il n'y a plus eu de reaction musculaire a la stimulation tetanique du nerf ulnaire, soit lorsque la dose de 120 mg de Sch a ete depassee. Six autres patients en ont recu par voie intraveineuse une dose de 30 mg. On a attribue des points allant de 0 a 3 aux fasciculations se produisant sur six parties du corps et on en a fait le total. Les temps necessaires a l'obtention de la premiere fasciculation, a la suppression de la crispation et a la suppression de la reaction tetanique ont ete inversement lies aux taux d'infusion. Les fasciculations dans les six parties du corps et le total des points releves lors des fasciculations ont ete directement lies au taux d'infusion. Le total des points attribues aux fasciculations constatees dans le groupe ayant recu un bol de 30 mg ainsi que dans les groupes ayant recu des infusions de 5 mg s" 1 et de 20 mg s" 1 n'a pas differe significativement. Un estudio de dosis-respuesta P ara obtener un resultado total de fasciculacion. Los tiempos transcurridos hasta la primera fasciculacion, supresi6n de espasmo y supresion del tetanos, estuvieron SUMAWO inversamente relacionados con la rapidez de las infusiones. Se administro cloruro de suxametonio (Sch) intravenosLas fasciculaciones en los seis sectores y el resultado total de amente en 36 hombres adultos a seis diferentes velocidades: fasciculacion estuvieron relacionados directamente con la entre 0,25 mg s" 1 y 20 mg s" 1 . La infusion fue suspendida, rapidez de infusion. Los resultados totales de fasciculacion ya sea cuando cesara la respuesta muscular al estimulo en el grupo de bolo de 30 mg en los grupos de infusion tetanico del nervio ulnar o cuando se excediera 120 mg de de 5 mg s" 1 y 20 mg s" 1 , no fueron significativamente Sch. Seis pacientes adicionales recibieron una dosis intradiferentes.
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